SUMMARY A micro-computer system is described which has been designed to perform on-line data capture from up to seven radioisotope counters of different types in parallel with interactive results processing and subsequent transmission to a laboratory computer-based data management system.
modules housed in an Intel System 80/20 chassis which provides a card cage, bus, and power supply. A cabinet was used to package the chassis together with a Periflex twin double-density, floppy disc drive (Fig. 2) . Total cost was about £6000. Figure 3 shows the positions of each of the system modules: (a) an SBC 80/20/4 ( Fig. 1) (SBC 310) to provide hardware floating point arithmetic (e) two boards (SBC 534), each providing four V24 interfaces (one for each counter and one for connection to the CTL Modular One). The only local fabrication necessary was the provision of small configurable interface units (details available from authors) to connect to the existing counters, such as LKB Wallac, NE8000 series, etc., which use the 20 mA convention for driving their teletypes. The NE1600 is available with a V24 output option. These interface units also enable the teleprinter output to be retained if still desired.
Software
Available with the Intel processor was a simple software 'monitor' program which is plugged into two of the EPROM positions. Unfortunately, it is not designed to support the concept of interrupt-493 Fig. 3 Hardware configuration -Intel 8080 based micro-computer driven data input from the counters at the same time as interrupt-driven disc transfer necessary for this application. As a result, a more appropriate suite of code, 4k bytes in size, was written to act as a 'supervisor' and 'operating system' which could be loaded from disc. The supervisor provides system initialisation, multilevel disc transfer, input/output routines (mimicking the main computer's user interface), and other basic facilities, and the operating system controls the loading, cataloguing, and selective running of a suite of application programs also held on disc. Another 4k bytes are consumed by the code, parameter tables (which hold status and control bytes together with counter data output format for each counter), and data buffers used for the on-line data input. This section is loaded from disc at startup and remains resident. The remaining 8k bytes accommodate one of the catalogued programs at a time as required.
The software was developed on a Modular One and 'down-line' loaded into the Intel microcomputer via the V24 communications line. Once established on a floppy disc the micro-system is self-contained and can be replicated using a disc-todisc copy program. (A disc formatting program, which uses the random sector addressing option, provides a significant performance improvement over the sequential format used by the Intel monitor software.)
To simplify system start-up, a bootstrap loader (a short program entered from the Intel monitor) reads the systems software into store from disc and transfers control to the operating system conversation. This loader is now fixed into an EPROM chip which fits into one of the remaining processor board positions. Table 1 summarises the store utilisation.
For ease of use, the whole system operates using only one of the floppy disc drives, reserving the other for copying and fall-back in the event of one failing. Each floppy disc provides 512k bytes of data storage and, apart from the sections used for systems and logging software and program catalogue mentioned above, a further area is used as a catalogue of parameter tables, one for each type of radioimmunoassay method used. A user-driven catalogued program 'ESTC' permits a conversational establishment of these tables. Table 2 shows one of these estimation tables.
The remaining disc area is used for data buffers. Both the sharing of counter runs by different estimations and the need for each sample to be run in duplicate, or higher replication frequencies, prohibit a one-to-one relationship between 'rawdata' input and the subsequent processed results. To provide the greatest flexibility, the disc area is divided into 'raw' and 'processed' batch buffers, and these are interleaved to minimise head movement, which, inevitably, is slow with the simple wormdriven mechanism that is employed. Figure 4 summarises the disc utilisation.
Catalogued programs are available to initiate counting runs into raw data batches (labelled A, B, C, etc), to list and edit both raw and processed batches (the latter labelled 11, 12, 13, etc . to avoid confusion with the main computer system batch 495. Processing is performed using the hardware floating point unit which has an 8 bit exponent and a 23 bit mantissa, and all derived values are stored in this form as four bytes.
The quality monitor is based on removing replicate counts which are more than 3 6 SD, from the mean, and repeating this process until too few remain or an acceptable dispersion is found.
The final results are therefore constrained only by the initial data. Much has been written discussing various curve-fitting techniques, but there is considerable agreements that the greater flexibility to accommodate differing curve shapes offered by linear interpolation makes it the preferred choice for a general-purpose facility. Careful attention to positioning and frequency of calibration standards across the working range can be used to minimise calculation error. It was also felt that the display of the various calibration options in graphical form, before processing, would offer a visual judgement of suitability to be made3 and if it is considered appropriate, the editing facilities can be used to adjust the raw data values. Indeed, this entire cycle of operation can be repeated as often as necessary with no loss of source data, which helps to reduce the number of occasions on which a complete re-assay of a batch of specimens is necessary.
Discussion
The micro-computer was assembled to meet the exact requirements of the task. No hardware expertise was necessary, and a convenient commercially available SBC micro-technology packaging system was used. The initial investment of approximately four person-months in providing development aids and systems software will serve also for other future applications. The programs specific to this particular application have taken only three personmonths to produce and are very simple in nature. Their division into separate catalogued modules will permit modifications to be made readily and extra functions to be developed as the need arises. The day-to-day operation and configuration necessary to add extra estimations and modify existing ones can be performed by laboratory technical staff. This development is consistent with the desirable concept of distributing the immediate data processing from analytical instrumentation and has become financially possible with the advent of micro-technology. Indeed the system described has been designed to operate either in a free standing mode or on-line to any laboratory data processing system which supports V24 devices such as VDUs.
Since the hardware is available in off-the-shelf form from a number of suppliers, and the entire software package can be transported on a standard floppy disc, it could easily be installed in other laboratories. Full documentation which covers support and operation has been prepared. 
